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$O0QDRXDU2UDQ$OJHULD
$EVWUDFW
7KH DYDLODELOLW\ RI VWDUFK IURP LQH[SHQVLYH VRXUFHV VXFK DV DJURZDVWHV DQG DJULFXOWXUDO E\SURGXFWV DGGHG WR D ODUJHVFDOH
SURGXFWLRQ RI DP\ORO\WLF HQ]\PHV IDFLOLWDWHV WKH SURGXFWLRQ RI V\UXSV FRQWDLQLQJ JOXFRVH IUXFWRVH RUPDOWRVH ZKLFK DUH RI
FRQVLGHUDEOHLPSRUWDQFHLQWKHSKDUPDFHXWLFDO DQG IRRG LQGXVWULHV
7KLVVWXG\DLPHGWRSURGXFHDJOXFRVHV\UXSIURP DQDJULFXOWXUDOE\SURGXFW LHZKHDWEUDQXVLQJDP\ODVH LPPRELOL]DWLRQLQ
FDOFLXP DOJLQDWH EHDGV 7R LPSURYH WKH DP\ODVH SURGXFWLRQ RI WKH WZR XVHG VWUDLQV %DFLOOXV VS 5 DQG %DFLOOXV FHUHXV D
FRQWLQXRXVLPPRELOL]DWLRQ LQFDOFLXPDOJLQDWHEHDGV ZDVFRQGXFWHG 7KHEHVWDP\ODVHDFWLYLW\ 8POZDVREWDLQHG
DIWHUK ZLWK %DFLOOXVFHUHXV7KHK\GURO\VLV SURGXFWDQDO\]HGE\ WKLQ OD\HU FKURPDWRJUDSK\ 7/& ZDV SUHGRPLQDQWO\ LGHQWLILHG
DVJOXFRVH DQG[\ORVH 7KHREWDLQHGUHVXOWVVKRZHGDJUHDWSRWHQWLDORIWKHWZR %DFLOOXV VSHFLHVWRSURGXFHDP\ODVHVDOVRWKH
HQWUDSSHGHQ]\PHVJDYHVLJQLILFDQWO\KLJKHUK\GURO\VLVDFWLYLW\FRPSDUHGWRIUHHDP\ODVHV
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGV %DFLOOXVVS5%DFLOOXVFHUHXVDP\ODVHLPPRELOL]DWLRQDOJLQDWHEHDGVJOXFRVH V\UXS
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 ,QWURGXFWLRQ
7KHRQO\QDWXUDOUHQHZDEOHFDUERQUHVRXUFHNQRZQWKDWLVODUJHHQRXJKWREHXVHGDVDVXEVWLWXWHIRUIRVVLOIXHOV
LVELRPDVV>@6WDUFK&+2Q LVRQHRIWKHPRVWDQFLHQWDQGGLVWULEXWHGELRSRO\PHUVLQZRUOG,WLVDYHJHWDO
UHVHUYHFRQVLGHUHGDV WKH VHFRQGPRVW LPSRUWDQWELRPDVV DIWHU OLJQRFHOOXORVHV7KLVELRSRO\PHU LVK\GURO\]HGE\
DP\ODVHV (&  D VWDUFKGHJUDGLQJ HQ]\PHV WKH\ DUH ZLGHO\ GLVWULEXWHG LQ PLFURELDO SODQW DQG DQLPDO
NLQJGRPV>@7KH\GHJUDGHVWDUFKDQGUHODWHGSRO\PHUVWRGLYHUVHSURGXFWVDVGH[WULQVDQGSURJUHVVLYHO\VPDOOHU
SRO\PHUVWRILQDOO\REWDLQJOXFRVHXQLWV&+2$OSKDDP\ODVHVKDYHGLYHUVHDSSOLFDWLRQVLQ DZLGHYDULHW\RI
LQGXVWULHV VXFKDVPHGLFLQDO FKHPLVWU\ IRRG WH[WLOHSDSHUDQGGHWHUJHQW UHSUHVHQWLQJ DSSUR[LPDWHO\RI WKH
ZRUOG HQ]\PH SURGXFWLRQ >@7KH LPPRELOL]DWLRQ RI HQ]\PHV LV D WHFKQLTXH WKDW FDQ EH XVHG HYHQ XQGHU URXJK
HQYLURQPHQWDOFRQGLWLRQVGXH WR WKH VWDELOL]DWLRQRIHQ]\PHVWUXFWXUH7KXV LW DOORZV WKHLU UHXVH HQKDQFHPHQWRI
FDWDO\WLFDFWLYLW\XVHLQFRQWLQXRXVDQGXVHDVELRVHQVRU7KHVWDEOHLPPRELOL]HGHQ]\PHUHTXLUHVOHVVHQHUJ\DQG
JLYHVWKHUHIRUHEHWWHUFDWDO\WLFDFWLYLW\
(Q]\PHV ZHUH SURGXFHG E\ WZR %DFLOOXV VWUDLQV 7KLV JHQXV VSHFLHV FRQWLQXH WR EH GRPLQDQW EDFWHULDO
ZRUNKRUVHVLQPLFURELDOIHUPHQWDWLRQVGXHWRWKHLUVHFUHWLRQRIODUJHTXDQWLWLHVRIH[WUDFHOOXODUHQ]\PHDQGWRWKHLU
DELOLW\ WR IHUPHQW LQ WKHDFLGQHXWUDODQGDONDOLQHS+UDQJHVFRPELQHGZLWK WKHSUHVHQFHRI WKHUPRSKLOHV LQ WKH
JHQXV>@
,Q SUHYLRXV VWXG\ VHYHUDO VWDUFKULFK VXEVWUDWHV ZHUH WHVWHG IRU DP\ODVH SURGXFWLRQ:KHDW EUDQ ZDV VHOHFWHG
DPRQJ WKH EHVW VXEVWUDWHV:KHDW EUDQ LV D E\SURGXFW RI WKH PLOOLQJ SURFHVV RI ZKHDW :KHDW NHUQHO QRUPDOO\
FRQWDLQV  EUDQ  HQGRVSHUP DQG  JHUP >@ 7KH KLVWRORJLFDO FRPSRVLWLRQ RI WKH ZKHDW JUDLQ LV
VKRZHGLQ)LJ$SDUWIURPOLJQRFHOOXORVLFILEHUZKHDWEUDQDOVRFRQWDLQVSURWHLQVWDUFKPRLVWXUHDQGDVK2WKHU
PLQRU FRPSRQHQWV DOVR DUH GRFXPHQWHG LQFOXGLQJ SKHQROLF DFLGV IODYRQRLGV OLJQDQV DQG SK\WLF DFLG >@7KH
JHQHUDOZKHDWEUDQFRPSRVLWLRQLVLOOXVWUDWHGLQ7DEOH 
7KH LQWHQWLRQ RI WKH SUHVHQW VWXG\ ZDV WR DVVHVV WKH DFWLYLW\ RI LPPRELOL]HG ĮDP\ODVH SURGXFHG E\ %DFLOOXV
FHUHXVDQG%DFLOOXVVS5LQVXEPHUJHGIHUPHQWDWLRQDQGFRPSDUHWKH\LHOGVRIWKHWZRVWUDLQV7KHDFWLYLWLHVRI
WKHLPPRELOL]HGHQ]\PHVZHUHGHWHUPLQHGDQGFRPSDUHGZLWKWKRVHRIIUHHHQ]\PHV3URGXFWSURILOHRIZKHDW EUDQ
K\GURO\]HGE\DP\ODVHKDVEHHQGHWHUPLQHGE\WKLQOD\HUFKURPDWRJUDSK\7/&
)LJ /RQJLWXGLQDOVHFWLRQRIDJUDLQRIZKHDWVKRZLQJLWVKLVWRORJLFDOFRPSRVLWLRQ>@
1RPHQFODWXUH
7/& 7KLQ/D\HU&KURPDWRJUDSK\
'16 'LQLWURVDOLF\OLF$FLG
%6$ %RYLQH 6HUXP$OEXPLQ
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7DEOH *HQHUDOFRPSRVLWLRQRIZKHDWEUDQ>@
&RPSRXQG $PRXQW>@
:DWHU 
3URWHLQ 
)DW 
3K\WRVWHUROV 
Į/LQROHQLFDFLG 
7RWDOFDUERK\GUDWHV 
6WDUFK 
&HOOXORVH 
7RWDO DUDELQR[\ODQV 
7RWDOȕJOXFDQ 
3KHQROLFDFLGV 
)HUXOLFDFLG 
3K\WLFDFLG 
$VK 
 0DWHULDOVDQGPHWKRGV
$OOFKHPLFDOVXVHGLQWKLVVWXG\DUHRIWHFKQLFDOJUDGHDQGREWDLQHGIURPFRPPHUFLDOVRXUFHV
 %DFWHULDO VWUDLQVDQGFXOWXUHFRQGLWLRQV
x %DFLOOXVVS 5 ZDVLVRODWHGIURPUHGVHDZDWHU+XUJKDGD(J\SWE\0U&+(%$%HQ$PDUDQGUHJLVWHUHGLQ
*HQ%DQNGDWDEDVHZLWKWKHDFFHVVLRQQXPEHU'4
x %DFLOOXVFHUHXV $7&&
7KHVWUDLQV ZHUH FXOWXUHGRQQXWULHQWEURWKDQGFRQVHUYHGLQJO\FHURODW &
 $P\ODVHSURGXFWLRQDQGH[WUDFWLRQ
7KH VWUDLQV ZHUH FXOWXUHG RQ PHGLD FRQWDLQLQJ WHFKQLFDO JUDGH SRWDWR VWDUFK 3DQUHDF 6SDLQ DQG RSWLPL]HG
DFFRUGLQJWRHDFKVWUDLQRSWLPDOJURZLQJFRQGLWLRQV
$P\ODVHSURGXFWLRQPHGLXPVFRPSRVLWLRQZDVSRWDWRVWDUFK1D12VHDZDWHUDQGSRWDWR
VWDUFK1D&O0J62IRU %DFLOOXVVS5 DQG %DFLOOXVFHUHXV UHVSHFWLYHO\
7KHHQ]\PHSURGXFWLRQZDVSHUIRUPHGGXULQJKDW&XQGHUVKDNLQJDWUSP7KHFUXGHHQ]\PHVZHUH
UHFRYHUHGDIWHUFHQWULIXJDWLRQDWUSPIRUPLQDW&DQGNHSWDW &IRUIXWXUHH[SHULPHQW
 $P\ODVHLPPRELOL]DWLRQ
7KHHQ]\PHVZHUH LPPRELOL]HG LQ&DOFLXPDOJLQDWHEHDGV &+&D2 Q)LUVWDVROXWLRQRIVRGLXP
DOJLQDWH &+2Q 6LJPDZDVSUHSDUHG&UXGHHQ]\PHZDVPL[HGZLWKVWHULOHVHDZDWHUXVHGDVEXIIHUYY7KH
WZRVROXWLRQVZHUH ILQDOO\PL[HGXQGHUJHQWOH VWLUULQJ$&D&O VROXWLRQZDVSUHSDUHGDQGFRROHG7KHEHDGV
ZHUHREWDLQHGE\ SXWWLQJGURSVRI WKH DOJLQDWH VROXWLRQ LQWR WKH &D&O VROXWLRQ XQGHU VWLUULQJ7KH DOJLQDWHEHDGV
)LJ%ZHUHZDVKHGZLWK VHDZDWHU EXIIHU DQG FRQVHUYHG LQ WKH VDPH EXIIHU VXSSOHPHQWHGZLWK VRGLXP D]LGH
1D1 WRDYRLGDQ\PLFURELDOFRQWDPLQDWLRQ
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 *OXFRVHV\UXSSURGXFWLRQ
7KHDOJLQDWHEHDGVZHUHSXWLQWRFROXPQZLWK FORJJHGERWWRP :KHDWEUDQZDVVLHYHGDQGDVROXWLRQRIZDV
SUHSDUHGDQGILOOHGLQWRWKHFROXPQ6DPSOHVZHUHFROOHFWHGDIWHUKKKKKKDQGKRILQFXEDWLRQ
DW&7KHVFKHPDRIWKHGHYLFHLVVKRZQLQ)LJ$
 $QDO\VLVPHWKRG
 $P\ODVHDFWLYLW\
7KHDP\ODVHDFWLYLW\ZDVDVVHVVHGDFFRUGLQJWKHPHWKRGRI0LOOHU  >@7KHUHDFWLRQPL[WXUHFRQVLVWHGRI
POVHDZDWHUEXIIHUS+PL[HGZLWKSRWDWRVWDUFKDGGHGWR POHQ]\PH$IWHUPLQXWHRILQFXEDWLRQDW
WKHUHDFWLRQZDVVWRSSHGZLWKPO'16WKHQERLOHGLQDZDWHUEDWKIRUPLQ7KHFRORUFKDQJLQJRI'16
&+12 LVPHDVXUHGDWQP XVLQJ VSHFWURSKRWRPHWHU
,PPRELOL]HGDP\ODVHDFWLYLWLHVDIWHUKRI LQFXEDWLRQRI WKHERWKVWUDLQVZHUHFDOFXODWHGDQGFRPSDUHG WR WKH
IUHHDP\ODVH
 3URWHLQFRQWHQWDVVD\
6ROXEOHSURWHLQVZHUHGHWHUPLQHG DVGHVFULEHGE\%UDGIRUG  >@7KH WDNHQ VDPSOHVZHUH WHVWHG IRU WKHLU
SURWHLQ FRQWHQW IRU FROXPQ HQ]\PH LPPRELOL]DWLRQ PRQLWRULQJ 7KH SURWHLQ DVVD\ VROXWLRQ ZDV SUHSDUHG E\
GLVVROYLQJ PJ RI&RRPDVVLDHEULOOLDQW EOXH* G\H &+11D26 LQ PO RI  HWKDQRO DQG WKHQ
PORISKRVSKRULFDFLG+23 ZDVDGGHG7KHPL[WXUHZDVFRPSOHWHGWRRQHOLWHUE\GLVWLOOHGZDWHUDQG
ZDVILOWHUHGWKURXJK:KDWPDQSDSHU1RPORIDSSURSULDWHO\GLOXWHGVDPSOHVZHUHDGGHGWRPORIUHDFWLRQ
PHGLXP7KHWXEHVZHUHYRUWH[HGZHOODQGZHUHDOORZHGWRVWDQGIRUPLQDWURRPWHPSHUDWXUHDIWHUZKLFKWKH
GHYHORSHG FRORUZDVPHDVXUHG DW QP ZLWK VSHFWURSKRWRPHWHU$ VWDQGDUG FXUYH XVLQJ ERYLQH VHUXP DOEXPLQ
%6$ZDVHVWDEOLVKHG
 7KLQOD\HUFKURPDWRJUDSK\
7KHZKHDWEUDQ VWDUFKHQ]\PDWLFK\GURO\VLVSURGXFWVZHUH DQDO\]HGE\7/& WHFKQLTXHXVLQJD VLOLFDJHOSODWH
0HUFN*HUPDQ\ LQD VROYHQW V\VWHPRIEXWDQRO HWKDQRLFDFLGPHWKDQRO 7KHPLJUDWHGSURGXFWVZHUH
YLVXDOL]HG E\ VRDNLQJ WKH SODWH LQ UHYHODWLRQ VROXWLRQ FRPSRVHG RI SRWDVVLXP SHUPDQJDQDWH .0Q2 6RGLXP
&DUERQDWH&1D2
)LJ6FKHPDRIZKHDWEUDQVWDUFKK\GURO\VLVGHYLFHE\HQWUDSSHGDP\ODVH$,PPRELOL]DWLRQFROXPQ%$OJLQDWHEHDGVFRQWDLQLQJ
LPPRELOL]HGDP\ODVH
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 5HVXOWVDQGGLVFXVVLRQ
 (IIHFWRILQFXEDWLRQWLPHRQLPPRELOL]HGDQGIUHHDP\ODVHDFWLYLWLHV
7KH UHVXOWV LOOXVWUDWHG LQ WKH )LJ  VKRZ WKDW %DFLOOXV FHUHXV DQG %DFLOOXV VS 5 LPPRELOL]HG DP\ODVHV
K\GURO\]HGWKHZKHDWEUDQVWDUFK%DFLOOXVVS LVUHFRJQL]HGWRV\QWKHVL]HGLIIHUHQWW\SHVRIH[WUDFHOOXODUHQ]\PHV
LQFOXGLQJ DP\ODVH FHOOXODVH [\ODQDVH SURWHDVH DQG OLSDVH >@  ,W KDV EHHQ UHSRUWHG WKDW VLJQLILFDQW OHYHOV RI
DP\ODVH ZHUH SURGXFHG E\ %DFLOOXV FRDJXODQV % DQG 3DHQLEDFLOOXV DP\ORO\WLFXV XVLQJ ZKHDW EUDQ DV FDUERQ
VRXUFHLQSURGXFWLRQPHGLXP>@
,PPRELOL]HGDP\ODVHVDFWLYLWLHVDIWHUKRILQFXEDWLRQRIWKHERWKVWUDLQVFRPSDUHGWRIUHHDP\ODVHDFWLYLWLHVDW
WKHVDPHWLPHVKRZHGWKDWDP\ODVHDFWLYLWLHVRIWKHLPPRELOL]HGDP\ODVHVZHUHKLJKHUIRU%DFLOOXVFHUHXV
DQGIRU%DFLOOXVVS57KHFRPSDULVRQUHVXOWVDUHH[SRVHGLQ)LJ
,PPRELOL]HGHQ]\PHVRI%DFLOOXVFHUHXVJDYH WKHEHVWK\GURO\VLV \LHOG 8PODIWHUKRI LQFXEDWLRQ
7KLVLVLQFRUUHODWLRQZLWK1DLUHWDO>@UHVXOWVWKDWUHSRUWHGWKHSURGXFWLRQRISXOOXODQDVH VSHFLDOW\SHRI
DP\ODVHOHDGLQJWRJOXFRVHSURGXFWLRQE\VWUDLQ%DFLOOXVFHUHXV)'7$+LJKWLWUHVRIWKHHQ]\PHZHUHREWDLQHG
LQDPHGLXPFRQWDLQLQJEUDQFKHGSRO\VDFFKDULGHV
$VLPLODUVWXG\FRQGXFWHGXVLQJLPPRELOL]HG%DFLOOXVFHUHXVFHOOVLQVXEPHUJHGIHUPHQWDWLRQ$KLJKHUDFWLYLW\
\LHOGV ZHUH REWDLQHG DQG ULFH EUDQ ZDV IRXQG WR EH WKH VXSHULRU VXEVWUDWH JLYLQJ DQ KLJK DP\ODVH DFWLYLW\
6LYDJQDQDP>@
&RQFHUQLQJ%DFLOOXVVS5WKHEHVW\LHOGZDVREWDLQHGDIWHUKRILQFXEDWLRQ8POZKLFKLVLQWHUHVWLQJ
EHFDXVH D KLJK HQ]\PH SURGXFWLRQ LQ D EULHI WLPH LV D JUHDW DGYDQWDJH DW LQGXVWULDO VFDOH DOORZLQJ PDNLQJ
FRQVLGHUDEOHVDYLQJV
1HYHUWKHOHVVZHQRWLFHGDUHJUHVVLRQLQDP\ODVHDFWLYLW\DIWHUKIRU%DFLOOXVVS5DQGDIWHUKIRU %DFLOOXV
FHUHXV*DUJLHWDO>@VKRZHGWKDWJOXFRVHDWVRPHFRQFHQWUDWLRQVFRXOGOHDGWRDP\ODVHLQKLELWLRQ,QGHHG
JOXFRVHFDXVHGQRQFRPSHWLWLYHLQKLELWLRQRIDP\ODVHIURP%DFLOOXVFLUFXODQV*56$OVR$GLQDUD\DQD5HGG\HW
DO>@GHPRQVWUDWHGWKDWWKHLQFUHDVLQJJOXFRVHDPRXQWVLQH[WUDFHOOXODUIOXLGRIFXOWXUHVRI$VSHUJLOOXVVS
UHVXOWHG LQ LQKLELWLRQ OHYHOV ULVLQJ RI DP\ODVH DFWLYLW\ %HVLGH WKLV VXJDUV RI VXJDUFDQH EDJDVVH K\GURO\VDWHV LH
JOXFRVH [\ORVH DQG DUDELQRVH ZKLFK DUH WKH DOPRVW WKH VDPH FRPSRXQGV RI ZKHDW EUDQ UHSUHVV ĮDP\ODVH
V\QWKHVLVWKURXJKFDWDEROLWHUHSUHVVLRQLQ%DFLOOXVVS>@7KLVSKHQRPHQDLVFDOOHGDOORVWHULFFRQWUROWKHDOORVWHULF
HQ]\PH PD\ EH FRQWUROOHG E\ DQ HQG SURGXFW LQKLELWLRQ DW DQ DOORVWHULF VLWH ZKLFK FKDQJH WKH VWUXFWXUH RI WKH
HQ]\PH7KLVPHDQVWKDWWKHSURGXFWRIWKHODVWUHDFWLRQLQKLELWVWKHHQ]\PHDFWLYLW\
7KHUHJXODWLRQRIHQ]\PHDFWLYLW\E\FRYDOHQWDWWDFKPHQWRIDPROHFXOHLVDOVRDPHDQWRPRGLI\WKHDFWLYLW\RI
HQ]\PHV ,Q WKHVH LQVWDQFHV D GRQRU PROHFXOH SURYLGHV D IXQFWLRQDO PRLHW\ WKDW PRGLILHV WKH SURSHUWLHV RI WKH
HQ]\PH>@
D E
)LJ D(IIHFWRILQFXEDWLRQWLPHRQDP\ODVHDFWLYLW\E$FWLYLWLHVRIIUHHDQGLPPRELOL]HG$P\ODVHRI%VS5DQG%FHUHXV DIWHUKRI
LQFXEDWLRQ
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 3URWHLQFRQWHQW
7KHSURWHLQFRQWHQWRIWKHRXWOHWV\UXSUHDFKHGPJPODWKIRU%DFLOOXVVS5DQGPJPODWKIRU
%DFLOOXVFHUHXV)LJ7KHLQFUHDVLQJDPRXQWRISURWHLQLQGLFDWHVWKDWWKHHQ]\PHVOHDNHGIURPWKH DOJLQDWHEHDGV
ZKLFK FDQ EH FDXVHG E\ EHDGV IUDJLOLW\ DQG FRQFHQWUDWLRQ RI VRGLXP DOJLQDWH )XUWKHU RSWLPL]DWLRQ RI WKH
LPPRELOL]DWLRQSURFHVVPXVWEHFRQGXFWHG$OJLQDWHFRQFHQWUDWLRQPXVWEHLQFUHDVHG7HVWRIHQ]\PHVWDELOLW\DIWHU
VHYHUDOXVHVVKRXOG DOVREHGRQH,QDVLPLODUVWXG\LWZDVVKRZQWKDWPD[LPXPUHGXFLQJVXJDU\LHOGDQGPD[LPXP
ELQGLQJ HIILFLHQF\ RI%DFLOOXV DP\OROLTXHIDFLHQV$7&& DP\ODVH LPPRELOL]HGZDV REWDLQHG DW  VRGLXP
DOJLQDWHFRQFHQWUDWLRQ>@,QRWKHUVWXGLHV>@LW ZDVIRXQGWKDWDFRQFHQWUDWLRQRIZYVRGLXPDOJLQDWHLV
WKHEHVWIRUDKLJKLPPRELOL]DWLRQHIILFLHQF\RIĮ$P\ODVHSURGXFHGE\%DFLOOXVFLUFXODQV*56DQG%DFLOOXVVS
UHVSHFWLYHO\ 7KH ODUJH SRURVLW\ RI EHDGVPD\ KDYH FDXVHG WKH OHDNDJH RI HQ]\PHV 7KH SRURVLW\ RI WKH DOJLQDWH
EHDGVGHSHQGXSRQWKHDOJLQDWHW\SHDQGWKHJHOOLQJDJHQWFRQFHQWUDWLRQ>@,QIDFWWKHZLGHSRUHVL]HRIDOJLQDWH
JHOVOHDGVVRPHWLPHVWRWKHOHDNDJHRIHQ]\PHVIURPWKHJHOEHDGV>@7KHIRUPDWLRQDQGWKHVWUXFWXUHRI DOJLQDWH
EHDGVGHSHQGRIDOJLQDWHFRQFHQWUDWLRQLQWULQVLFYLVFRVLW\DQGFDWLRQW\SH$OVRWKHQDWXUHRIWKHFDWLRQWKHSRO\PHU
DQGFDWLRQFRQFHQWUDWLRQDQG WKH LRQLFVWUHQJWK LQIOXHQFH WKHPHFKDQLFDOSURSHUWLHVRIDOJLQDWHEHDGV>@ ,WZDV
UHSRUWHGWKDWDOJLQDWHDQG&D&OFRQFHQWUDWLRQVXVHGLQHQ]\PHDQGFHOOHQWUDSPHQWUDQJHIURPZYDQG
ZYUHVSHFWLYHO\>@&KHEDHWDO>@LQGLFDWHGLQDVWXG\RQFKLWLQDVHSURGXFWLRQRSWLPL]DWLRQRI
%DFLOOXV VS5 WKURXJK FHOO ,PPRELOL]DWLRQ WKDW FHOO HQWUDSPHQW LQ  FDOFLXP DOJLQDWH EHDGV JDYH WKH KLJKHVW
FKLWLQDVHDFWLYLW\
 $P\ODVHK\GURO\VLVSURGXFWGHWHUPLQDWLRQ
7KLQ OD\HUFKURPDWRJUDSK\ UHVXOWV VKRZHG LQ ILJXUH)LJ  LQGLFDWH WKDW WKH VXJDUVSURGXFHGDIWHU WKHHQ]\PHV
K\GURO\VLV RIZKHDW EUDQZHUH HVVHQWLDOO\ JOXFRVH DQG [\ORVH IRU ERWK VWUDLQV 6XJDUV OLNH [\ORVH DUDELQRVH DQG
PDQQRVHDUHSDUWRIWKHVWDUFKIUHHEUDQLWUHSUHVHQWVKHPLFHOOXORVHFHOOXORVHDQGJOXFDQ7DEOH JLYHVWKHUHODWLYH
PRELOLWLHVRIWKH VXJDUVXVHGDVFRQWUROVDQGWKRVHRI K\GURO\VLVSURGXFWV +HJGH HWDO >@ VKRZHGWKDWWKH
FRPSRVLWLRQRIQDWLYHZKHDWEUDQSRO\VDFFKDULGHVDIWHUGHJUDGDWLRQE\ $VSHUJLOOXVQLJHU HQ]\PHVPDLQO\FRQVLVWHG
RI[\ORVHDQGJOXFRVHZLWK WKHSUHVHQFHRIJDODFWRVHDQGDUDELQRVH 7KHVDPHUHVXOWVZHUHVKRZQ IRU
ZKHDW EUDQ IHUPHQWDWLRQ E\ %DFWHURLGHV RYDWXV >@ 7KH SUHVHQFH RI [\ORVH DQG FHOORELRVH FDQ EH GXH WR WKH
SUHVHQFHRIWKLVVXJDUVDVIUHHXQLWVLQWKHZKHDWEUDQRUWRWKHDFWLYLW\RIRWKHUHQ]\PHVFHOOXODVHVKHPLFHOOXODVHV
SURGXFHGE\FRQWDPLQDQW PLFURRUJDQLVPV
)LJ(IIHFWRISURWHLQFRQWHQWSURILOHDORQJWKHWLPH
7KHSUHVHQFHRIFHOORELRVHQRWLFHGDIWHUKDQGKIRU%DFLOOXVFHUHXVDQG%DFLOOXVVS5UHVSHFWLYHO\FRXOG
DOVR EHGXHWRHQ]\PDWLFV\QWKHVLV,QIDFWWKHV\QWKHVLVRIFHOORELRVHIURPVWDUFKXVLQJSKRVSKRU\ODVHVDQGJOXFDQ
SKRVSKRU\ODVHZDVUHSRUWHGE\FRQYHUVLRQRIJOXFRVHUHVLGXHVLQWKHVWDUFKPROHFXOH>@
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)LJ$P\ODVHK\GURO\VLVSURGXFWGHWHUPLQDWLRQE\ WKLQOD\HUFKURPDWRJUDSK\%DFLOOXVFHUHXV$K$K$K$K$K
$K$K%DFLOOXVVS5%K%K%K% K%K%$K%K
7DEOH *HQHUDOFRPSRVLWLRQRIZKHDWEUDQ>@
6DPSOHV 5HODWLYHPRELOLW\5P +\GURO\VLVSURGXFW
6WDQGDUGVXJDUV
0DOWRVH 
*OXFRVH 
;\ORVH 
*DODFWRVH 
&HOORELRVH 
$UDELQRVH 
%DFLOOXVFHUHXV
K  *OXFRVH;\ORVH
K  *OXFRVH;\ORVH
K  *OXFRVH;\ORVH
K  *OXFRVH;\ORVH&HOORELRVH
K  *OXFRVH;\ORVH
K  *OXFRVH;\ORVH
K    *OXFRVH;\ORVH
%DFLOOXVVS5
K  *OXFRVH;\ORVH
K  *OXFRVH;\ORVH
K  *OXFRVH;\ORVH
K  *OXFRVH;\ORVH
K  *OXFRVH;\ORVH&HOORELRVH
K  *OXFRVH;\ORVH
K  *OXFRVH;\ORVH
 &RQFOXVLRQ
:KHDWEUDQVWDUFKVROXWLRQK\GURO\VLVZDVFRQGXFWHGZLWKVXFFHVVXVLQJĮDP\ODVHHQWUDSSHG LQFDOFLXPDOJLQDWH
EHDGVDQGJOXFRVHV\UXSZDVREWDLQHG 7KHLPPRELOL]HGHQ]\PHVJDYHLPSRUWDQWK\GURO\VLV \LHOGV:HFRQFOXGH
WKDW DP\ODVH FDOFLXP DOJLQDWH LPPRELOL]DWLRQ LV YHU\ XVHIXO IRU FRQWLQXRXV VWDUFK K\GURO\VLV DQG FDQ EH XVHG LQ
LQGXVWU\WRUHSODFHIUHHHQ]\PHK\GURO\VLVV\VWHPV ,QGHHGLPPRELOL]DWLRQFDQORZHUWKHFRVWVRIFHUWDLQHQ]\PH
EDVHGSURFHVV VLJQLILFDQWO\ $QRSWLPL]HGLPPRELOL]DWLRQV\VWHPFRXSOHGZLWKHIILFLHQWPLFURRUJDQLVPVSURGXFLQJ
KLJKOHYHOVRIHQ]\PHVPDNHVSRVVLEOHVDYLQJVLJQLILFDQWFRVWVDQGDOVRIDFLOLWDWHVWKHSURFHVVHVRIGHJUDGDWLRQGXH
WRWKHHDVHRIHQ]\PHUHFRYHU\IURPWKHUHDFWLRQPHGLXPDQGWKHSRVVLELOLW\RIWKHLUUHXVHIRUVHYHUDOF\FOHV:KHDW
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EUDQFDQEHXVHGIRULQGXVWULDOSURGXFWLRQRIJOXFRVHV\UXSV LQSKDUPDFHXWLFDODQGIRRGLQGXVWULHV 7KLVVWXG\VKRXOG
EHSXUVXHGE\DQRSWLPL]DWLRQRIWKHLPPRELOL]DWLRQFRQGLWLRQV,QIDFW WKHLPPRELOL]DWLRQHIILFLHQF\WKHDOJLQDWH
EHDGVFRQFHQWUDWLRQWKHHIIHFWRIS+RQIUHHDQGLPPRELOL]HGDP\ODVHDFWLYLW\DUHLPSRUWDQWSDUDPHWHUVWRLPSURYH
IRUDPD[LPXPVWDUFKK\GURO\VLV\LHOGV
5HIHUHQFHV
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
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
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
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